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Abst rac t :  Wc rcporl an observation of I ’ c !schck- type
n)ap,nc!ic  fcconncction  at a d i s t a n t  ncu[ral Iinc (X= -230
I{C, J u l y  8, 1983) wi(h a f u l l  s e t  0(’ signd[urc’s ot’ IIlc

n)ag, nctic nlcrgin~~, process. “1’hcsc features include a rcvcrs;ll

of plasma  ftows from carthw:(rct  to tdilward, a pair of slow
shocks and the magnetic field X-type Iinc. ‘1’hcsc two slow
shocks arc shown to satisfy the shock criteria used by

I’cldman cl al. [1987 ].”lllcspacccraft  f irst crossma s l o w
shock to enter the carthwarct flowing plasm ashcct  with
velocity of about 440 knr/s.  ‘[’he embedded magnetic field
has :i positive Bz component. ‘Ihc spzicccroft  next cnlcrs a

region of t;iilward plasrn:i flow with spcccl -670 kn~/s and
a n  e m b e d d e d  ncg:itivc Bz, indic:iting ent ry  into  t he
plasmashcct t:iilward o f  t h e  X - l i n e .  T h e s e  rrbscrvcd
velocities arc compar,ablc to calcillatcct velocities based on

Rankinc-llugoniot c o n s e r v a t i o n  r e l a t i o n s h i p s .  “l”hc
spacecraft subscqilcntly returns into the south tail lobe by
crossing another slow shock. Copl:inarity an:ilyscs show
that the two slow shocks have oricnt:ttions consistent with
that  prcdictcd by the Petschck  reconnection model. We m)tc
that this event occilrs dilring nor thward in terp lanetary
magnet ic  fic]ds. “i’bus, a magnetic stress built-up in tlic
d i s t a n t  tail may bc respons ib le  fo r  th is  rcconncctiorr
I,roccss.

IIitrwduction

Nl:ignctic reconnection in the car(h’s  magnetic tail has
b e e n  long suspcctcd as being the SL)UrCC of energy f’or
subst(~rn~s and storms. Pctschck’s  model has well described

a mag, nctic mcr,ging process occurring ut a X-type neutl:il
l i n e  i n  t h e  m a g n e t i c  t a i l  [Pctschck,  1964; Sonnerup,
1979]. ‘1’here arc four slow II1OLIC shocks which bound a
r~];l~r]ctic  flcld dircctiontl[ rcvcrsa[  ILlycr Lin L{ i]r(’  co[][l~ctCd

together at the neutral line as shown in [;igurc I. Thr~lug’,h
this reconnection process, rnagnclic energy is c[)nvcr(cd
into the plasma thermal and kinetic cncrgics. “i’bus, jet-like
h o t  pl:isn]a flows a r c  cjcctcd fronl tx)th s i d e s  ot’ t h e
mcr.ging  region (SCC E’igurc  1). f;xis[cncc of slotv shocks in
the near-carlh tail ancl the distant tail (X < -200 I/C) have

i,ccn  confirmed by previous lStIIl observations [t;cldman ct
al,, 19S4, 19S7;  Smi th  ct al., ]9S-1].  ‘t’:lilward jetting in

Ihc disiarrt  tail (X< - I 20 [<c) hits alw> bccrl  dctcc[cd [7.wickl

c1 al., 19 S-1]. }Iowcvcr, a full sig. rl:llurc ~lf the .X- line
top~}l[)gy,  SILJW shocks  :Ind jcttin~ pl:lsma  t’l(~tvs Il:ls ncv~’r
Iwcn  seen bcf(>rc in a single cvcn[.
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‘1’hrough  a cdrct’ul  cx:inlin:lti~)n (II’ 1S111;-3 d:tl:t  d u r i n g
ttlC LtiSt;lllt  t;lil pMSCS,  W C  h:LvL! t’OUlld :111 CVCI1(  ttl:lt CIL!:ll”ly
stI[)ws  n~agnctie nlcrging t a k i n g  pl:lcc. AS  wc w i l l
illustr:llc, both  ear thward and toilwiird pl:lsnl:i tlows on
both s i d e s  t)f :] neutrdl Iinc a rc  t’L)LInd. WC  :IIMI dclernlinc

!lIat t h e r e  i s  a  p a i r ot’ SIOW  shocks bounding It]c
pl:lsrll:whcct,  Wc  bclicvc this is the bcs,t d~~cunlcnlcd  c:lsc
of magnetic merging in the ~conulgnclic”  tail t(lurld (() Ll:l~c.

“1’hc data  for this study was (akcn  during the second

iSCE-3 distant taii pros. ‘[’he  In;lgnctic field nlcasurc31cn  Ls
w e r e  o b t a i n e d  b y  t h e  J e t  P r o p u l s i o n  l a b o r a t o r y

magnctomctcr [I:randscn ct a l . , 1978]. “l’his instrurllcnt
r~~casurcci  6vcctors pcrsccond. llowcvcr, wc  have used 30
scconcl avcrtr.gcs oftbe field data for this study to match  that
ol the plasma clirta time average. ‘1’hc pl:isrl~zt(}bscrv:itiorrs

prcscntcd here wcreobtaincd by the [.os Aliln~oseIcctr(lrl
a n a l y z e r  [Ilamc ct al., 1978], I’wo-climcnsional clcctroil
clataarc intcgratccl ovcr*67.5° polar-angle intcrvalsccntcrcd
on the spacecraft spin plane, which is ncnrly coincident
with the ecliptic. Although a complete spect rum was
mcrrsurccl  in 3 s, consecutive mcasurerncnts were only
taken every 12 s. We have constructed 30 s averages of the
plasma data  to improve statistical accuracy. l’hc electron
data  wc usc in this study inctudc the clcclron c!cnsity  N,.,

tcmpcraturc 7’C and the two-d imcnsionrrl p lasma f low
v e l o c i t y  V ( Vx , Vy). l’hc ion n~casurcmcnt part Of t h e ’

instrument was not functional during tbc IS[lI1-3 c!islant
tail passes.

Olmrvntions

[lvcn though taiiwarcl plasma  flow gcncral]y donlinalcs

the ent i re distant plasmasllcct in the clistant  tnil [Zwickl ct
al, 19S4], wc have found occ;wional ciiscs  of ear thward
flows that are associated with slow moc~c shocks in the
r e g i o n  of X < -2(KI  I{c.  onc such example  is  given in

I;igurc 2. ])uring July 8, 1983,  the spacccral’t  bad a GSI{
l o c a t i o n  X=-235.5, Y=1O.8, 7=-8.5 I<e (X points loword

t h e  s u n ,  Y  i s  tl x i/1~2 x 21, w h e r e  ~1 is the rltlrth

cciiptic p o l e ,  a n d  7. forrl]s t h e  righ~-hand sys~cm).  “1’hc
spiicccraft had a  gcncrdl m(~ti{)n  from t h e  sclulh  tdil l(}bc

intt~  the pl:lSrllaSh CCt :Irld  t h C n  rCt LlrrlCd  b:lCk tL) LhC SC)Ll(h
Iol)c.

i n  [:igurc 2, tronl t o p  t o  bot[om a r c  LIlc: clcctr(ln
dcrlsity  N’,,  e l e c t r o n  tcmpcraturc 7~>, plasma t)Lllk  vCIOCity

components VA-, Vy, ancl total plasma velocity V . Next arc

the three magnetic ficlci componcnls, fJx, fly, f): and the

total m a g n e t i c  ficlcl  strcn~th B. fictwccn 11:10 and 12:20

L)’ I’, 1S[111-3 is conlplctcly inside Ihc south tail Iobc.  N,, is

-- ().2 cr]]-3, 7’,, is - ().8X1() 5 K, and  the  tilil Wdrd  plwrm:l

nlugnitu(lc i s  intcrlsc,  - 1 1.5 n’1’, dnd c(lrnp(vicd  prirlldrily
[Jt a I{,r  component (- - I I .() n-l’ ~)rl dlcrdgc), indicdlivc ot” a



sOUIII  I(II)c f ield, At 12:20  1)-1’ fl~c sII:IL’cL’1:11’I  p:tr(i:llly  cr]{cls
Illc pl~l SIlliISllCCt. Tbcrc i s  a n  il]crc:lsc  in NC :Illd ‘ / ’C  :Ind

Illcrc :Irc signit’icant t’lucluali{)n.s i n  pl:isnl:l vcltlci(y, “1’hc
nl:lgnctic l’icld dccrcascs L)y -2 l{) 4 n-l’, llowcvcr, tl~c
sp:lcccrall d(~cs n o t  c o m p l e t e l y  e n t e r  (IIC pl:lsn]:lsl}ccl.
lnslcad, i t  o s c i l l a t e s  bc~wccn  t h e  plasnldshcct a n d  IIlc
lx~und:~ry  l;{ycr. As shown in the plot, at 12:3S U’1’, iSI,l:-
3 cn[crs  the ]obc  and at 12:47  lJ’I’  rccntcrs the plasn~:lshcct

boundary Iaycr once a~~ain. AI 12:55  U-I” the spacccrilf[ tirst
crosses a discontinuity (WC will show it to bc a slow shock
l:~tcr)  to corrlplctcly enter  the plasmashcct. Al this tin)c,
tllc magnetic field magnitude suddenly drops  fronl 10 n’1’ 10

3 rl’1” :Ind  [v,, incrcascs L’rom 0. 1(J t o  0.22 cn~-s, ‘1’hc

tcnlpcraturc  ‘i; also jumps from ().7x 100” to 2.2x 10(1 K .

“1’bc vclcrcity  ~X charrgcs  from a tailward direction into an

e a r t h w a r d  o n c  ( -  4 0 0  kn~/s).  ‘1’hc nlagnctic f’icld 1],

c o m p o n e n t  bccomcs nearly zero. I]z has a signit’icant

posit ive component of 2.5 n-l ’ .  l’hcsc s ignatures arc

consistent with lSl~E-3 entering the plasrmashcct  on the
carthwar(l side of the magnetic merging region. “1’hcsc
f e a t u r e s  o n l y  last  unti l  13:17 U’I’.  ‘1’hcn Tc s u d d e n l y

dccrcascs  to 0.7x106 K arrd N,, also decreases sli~htly. VA
reverses  dircctiorr from earthward to tailward. Bctwccn
13:17 and 13:20 UT’ there is a 3 minute data ~:ip.  At about
the .mmc  time, the magnetic field lIZ component rcvcrscs

clircction from positive to negative, wbilc l~.r dots not have

any obvious than.gc. “[’his can bc intcrprctccl as a crossing
of an X-type neutral Iinc. lSEX;-3  enters the tailward side

plasrnashcct aflcr 13:22 LJT. Nc i s  0 . 2 5  cnl-3 a n d  ~c i s

1 . 5 x 1 06 K.  VI is large with a tailward d i rec t ion  wi th  a

speed -600 to 700 knl/s, wbilc the llz rcrrchcs  -1.9 n’[’  on

a v e r a g e .  A f t e r  13:53 LJ’1’, 1S1;11-3 c r o s s e s  a n o t h e r
discontinuity (iilso a possible slow shock) and returns to
the south Iobc. 7’C, Nc,  V, and B all return to

approximately their previous vatucs  nolcd at -12:()() 1)”1’.

slow” M()(]c shocks

In order to confirm the prcscncc  of the two slow n)ocic
Sll[>cks, wc usc tl]c n)agrlctic c o p l a n a r i t y  t h e o r e m  and
[<arrkinc- }[ugoniot r e l a t i o n s h i p s  It) e x a m i n e  t h e  two
disco n[inuities in detail. l’hc s:tnlc  nlelh<)ds  as used by
f:cldman ct al. [19S4  and 19S7] will bc applied here. ‘1’0
snvc space wc will not s[atc  lhcsc  proccciurcs  and criteria in
this paper.

\Vc  f i rst usc tllc coplan;~rity rclati(~n  [C.:., (’olt)urn ;Ind
%nctt, 1 966] 10 calcuiatc tbc shock  nornl:lis, All n~casurcd
parameters arc Iistcd in ‘1’able 1. ‘1’hcy incl Lldc the ups~retlm
average n]agnc  tic  !icld f~ “, downstream L’icld 11(1, and N’,,

TC, Vr, Vy and V  fo r  both  the ul>strcam  and d<>wn.s[rcanl

regions, In this shock rctcrcncc systcm, “upstrcarn”  is tllc
tail lobe, and “cl~ll~frlstrcarll” is the plasm ashccl. 110111 the
upstream and dow,nstrcam  magnetic ticlds arc rototcd  ir!lo a
sh{>ck norn]al coc)rdinarc systcnl [C’olburn :Ind S~)nctt,
1966] .  Along rhc shock n[~rn]als, [ h e r e  a r c  s i g n i f i c a n t  [~

c(lr]~pt~ncnts  (h’,,  = - ( ) , 9 3  ( ) . 3  n’1’  :IIILI  I .1 to..  ! n - l ’ )  :Ic’rt)ss  [hc
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sl)txks. ‘l”hc  nj:l.xinlunl crrt)rs  i n  [Ilc nl:lgnc,(ic t“icld  i s
d e r i v e d  t’ronl  Ihc  sland;lrd dcvi:tlit)lls t)!’ lhc upslrc:llll :tlld
A)wrlslrc:lm  field values.

I n  o r d e r  [0 con~purc Ihcsc ol)scrv:l(it)ms willl Illc

I’c(schck  n~odcl,  wc  need t{) dcl’inc  s{~n]c ang les  rcl:ltcd [()
Ihc magllctic f ie ld  dircc[ion. Using I’clschck’s sirmplit’icd
slow nr(xlc  shock nlodcl shown in  [:igurc I,  wc project IIIC
ru:tgnctic field und the shock normal into the x-z plane.  ‘i’hc
first angle is 0,,, which is the angle bc~wccn  Ihc nc)rrn:ll  )t

a n d  the z axis.  O,lz = Cc)s”  ‘ //z. “1’hc second angle is < which

is the angle bctwccn the shock norm:ll in the x-z plane and
lhc z axis, ‘1’hus ~ = t:ln”i )lX/liz.  If /lY is  equal  to (), [hen

0,,: = /j’. ‘1’hc thir(i angtc i s  ?], wi~icll i s  tl]c anglu hc~wccn

Ihc shock normal )1 in the x-z plane and IIIC t’icld  [1 in the
x-z pianc. If both n} , tind [{Y arc cqLIal to O, then ~~ = 0[1,,,

w h e r e  q - cm-Ij .
xz “fixz/l~Jxz{liixzl.  ‘1’hc t’ourth a n g l e  x,

Iics  bctwccn the mag,nctic  field Iinc in thcx-z plane and the
x axis. I’hc angle x is the acute angle of (q - ~). ‘1’hc above
angles arc also listed in Table 1.

l’hc f i rs t  (en t ry )  shock has a  normal  or ien ta t ion
consistent with the spacecraft crossings ~ronl  the Icft-top
q u a d r a n t  to right-bottom c{uaclrant  in the schematic of
f;igure 1. “1’hc shock has an angle El of 18.5° as shown in

the [~igurc.  So the shock surface should have an orientation
from (hc Icft-bottom to right-top quadrant. Based on the
m a g n e t i c  ficlcl or ienta t ion,  wc note that  th is  shock
corresponds to that of the Icft-bottom siclc of the Figure,
bccausc the s h o c k  n o r m a l  p o i n t s  to the right -hottonl
direction. I’hc magnetometer detects a positive }]z field after

enter ing the. plasmashcct from the south Iobc, c(~nsistcnt
with this scenario.

l’hc second (exit) slow shock is consistent with the
spacecraft going from the right-top to Icft-bottom quadrcrn!

of (I1c Figure, bccausc  the shock normal points to the lcft-
boltom d i rec t ion.  Wc thus ident i fy  th is  shock wi th  a
crossing of the type in the right -bott[)nl side of the [~igurc.
“[’he angle &2 bctwccn the shock surt’acc  and the x axis is

12.7°.  “1’here is a slight asymmetry [or both entry and the.
e x i t  s h o c k s ,  bccausc there is Iittlc ditt’crcncc in the ~
anr,lcs.  “l’his  dif’fcrcncc is probably within the crmrs O! ihc
nlcasurcmcnls.

}Vc  n e x t  u s e  t h e  I{:lnkirlc-lllrgonif)t conscrvati{)n
rcliltions to c:ilcu[atc the plasma flow ve loc i ty  alt)np,  lhc
n(~l-nlal d i r e c t i o n  i n  t h e  upstrc:lm r e g i o n  u n d e r  the
:tssunlption of the conservation 0[ }1,,, rll:lss,  tangent ia l

electric field and n~omcnturn.  All calculated speeds also arc
shown in “1’able 1, which include the Altvcn speed V,\, the

~llt’vcn speed in the shock normal  d i rec t ion V,t,,, the

upstrcan]  plasma flow velocity alons the normal direction

(V,,,, ) and the sound  speed C,$. tlcrc wc have assumed a 30
C V  ((; I; O’I’t\l l,) upstrc:lm i o n  Icmpcraturc [“l’.  ,hlukoi,
priva[c c~lnllllltnic:ltiorl, I 994] [) CC: ILISC {)!’ the ahscllcc of

1S[[1-3 ion data. [or both disc[)n[inuity c:iscs,  the plasmd
t’l,)v.’ vclocily al[~ng V,, i s  grc:lfcr [Il:ln C.’, :rnd IC>SS than
~.i,,, as cxpectcd f{~r slt)w nltdc sh{wks.

[n  the sin)plc nlt)dcl of t;lil nl:l~n(’lic t’icld  rcconncctit)n
pr(~p(>scd by  f’ctschck  [  I c)6.1],  sl(~iv  IIl[~CIC  sll{)cks  :Irc
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illlpt)r(ant intcrt:lccs wllcrc nlagnc[ic e n e r g y  lrf~nl  !Ilc
I]l:lgnc[ic Iobc  is convcrlcd into pl;Isma kinetic and thcrm:lt
c(lergics in the plLIsm:islIcct.  Using (I]c nlodcl in [;igurc 1,

tllc miignclic merging rule may bc calculdtcd. l~:lscd on Ihc
ct)nscrv:ltion of f],, and the Iangcn[i:[t comp{)ncn[ (II’ t h e

electric field, assuruirlg a steady state and t’r(~z~’n-in t“iclds,
I I ill [ 1°75] 11:1s (Jl)l:lincd  the downslrcanl ~pl:isnl:l speed:

LJsing the Alt’vcn vcloci[ics V,i,, Iistcd in ‘1’ab]c 1, ~vc

obtoin an c’arthward plasmashcct Vx<l ot’(izio  krrds for t h e

cr~[rysl~ock  c:lsc,  :lncl tailwarcl flow of460knl/s l’orlhccxit
shock case. The velocities arc with respect to [IIC shock
rcfcrcncc  frames.

Assuming conservation of mass flux, wc n~ay calculate
the shock velocity in the x direction. ‘1’hc results show that

for the entry shock, no significant shock motion is found.
for the exit shock, wc find a tailw~rd shock motion with -
180  knl/s. R ichardson ct al. [1992] have also rrotcd  the
prcscncc  of a background !ailward plasma flow with a speed
of 150 km/s .  Th is  shou ld  bc supcrposcci  on to b o t h
plasmashcct v e l o c i t i e s .  C o m b i n i n g  tbcsc vclocitics,

finally, wc obtain an earthward flow -490 kn]/s for the
entry shock, and a tailwarxi flow -790 knl/s for the exit
shock in the spacecraft frarnc. I’hcsc values arc comparable
to the ob.served (spacecraft) flows of 439 kn~/s ancl 668
kr]-ds, rcspcctivcly.

lNIF and Suktorm Dependence

Wc have cxan~incd  the IM1~ orientation (l Mf’-8) data
around the time interval of the reconnection event (13:30
(J-l’). ‘1’here is a positive f): component with average value

- 1 . 6  nl’ bctwccn 11:00 and 16:00 LPI’. “1 ’here  arc  no
suuthward components in the 5 minute avcrilgc durin: this

in terva l .  i:rom 07:()()  10 1 I :00 U’I’ there is a t’(~ur ht~ur
i n t e r v a l  wi[h a sou(hward lMt~ f)z - -2.9 n-l’. I[owevcr,

bccausc  this southward [Ml: f~z occurred much c:lrlicr than

the reconnection event, it sccnls  urrlilccly to bc physically
rckrtcd.

W C have also cxaminccl tbc A[{ (aurora-clcctrojct) inclcx
t o  dctcrminc i f  t h e  r e c o n n e c t i o n  e v e n t  caLlscd  a
nl:lgnctosphcric substorm. Ilctwccn 11 :()() U’I’ and 16:()()
U’1’, there arc c)nly two sm:lll subst[~rnls  with the peak t\f;
V:IIUCS ( 3 0 0  n’1’ a n d  2S0  n“[’) a t  13:()() and  13:20 LJ’1”,

rcsllcctivcly.  l’hc distilrlt  tail rcc(~nncctiorr  event is tinlc -
coillcidcn! with Ihc rccovcry  pllasc  ot’ the second subslornl.
Iiccausc this subslorm occurred prior to the rccorlncctiorr
event, it cannot bc clrivcn by the distant tail rcc{)nncctiorl.
“J’!lcrc is no substorrn  with intensity > 100 n“l’ for the next
twfcr and half hours f~)llowing Ihc rcc~)nncclit)n  cvcnl,

“1’here h:~s been prior cvidcncc that distant tail n~ognctic
field rccorrncction occurs during quiet intervals. “1’.surutani
ct al. [19S7] show that tbc  I:lrgc scale t’icld variations with
north-south signatures across the plasn~; lsl]cct occur  dui-ing

a l l  j~,c(~rn:r~!nclic activi[y Icvcls. Scholcr ct :11. [19S()]  Il;lvc
sll~)wn :1 rccc)[lilccti{)rl-like cvcn[  :it -140 I<C c>ccurrcd during
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citliCt gc{]rll:lgllclic cor]dilit)ns. ‘1’hcsc previous <Jllscrv:ttit]ms
support our prescn[  Iindings ot’ o I:lck  sulMtorn\ dcpcndcncc

illld tllc prcscncc ot’ northward dircctcd i n t e r p l a n e t a r y
rll:l$!nclic ficlcts during Ihc rcconncc(ion cvcnl.

W C  s h o u l d  rncnti[)n Ihilt around 12:30 lf’1’ [Ilcrc is d
rcvcrs:il of the IIM(:  I~Y ct)mpt)ncnt. “1’l]c soldr Wirld vcltwily

w, ;1 s -440 knds a t  t h i s  (irnc. Using t h i s  vcl~)city, tl}c
convect ion  t ime for LIlc [Mr: I)Y t’luclLl:ltion  to pr-opog:llc  [t)

X=-23(I I/C where IS E[l-3 is located will t:tkc  -60 minutes.

‘1’his is roughly Iimc  coincident with the reconnection”
event. ‘1’bus, it is possible that the IM[: /lY rcvcrs:~l  may bc

rclotcd to the rccorrncction event in the distant tail.

Slllllmnry

W C report a Pclschck-type nlagnctic merging event

occurring in the distant t;til - - 2 3 0  f<e. ‘i’he Obscrv:ltiorrs

and ca lcu la ted resu l ts  are  bdsically c o n s i s t e n t  w i t h
Pctschck’s s i m p l i f i e d  s l o w  s h o c k  m o d e l .  A t  t h e
rcconncclion event time, a northward near cart}]  IMF was
notccl  and only minor substorm activity was dctcctcd. “l’his
event may be simply clue to mngnctic stress built-up in the
distant tail during quiet time in[crvals.
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‘1’;lblc 1. I]l:lsnlo dnd Ma~gnctic  I:icld P;irumclcrs AcI{)ss
‘1’WO  Shocks

- . . .  —
July 8, 1993 [{ntry Shock [;xit Shock— . _ — — _

‘ - [  Jpstrcam 12 :4T7ml 2:50:  OL)-Ci3miii3T”
[)ownslrcam 13:04: [)()-13:07:()()  13:34:00- 13:3s:30.—. ——. —-. ——— .-—. ——

Iiu .~.~, 1,1,  1,4 n“]’ -10.6, OT3, - I,2 n-l’

IJJ -2.1, -0.3, 0.8 n-l’ -~,~,  -(),(), - I .() n’[’

1$,, -0.9i0.3 n-l’ 1.1 *().4 n-l’

Ii (/lx, 11,3, tlz ) -0.13,0 .56, -0.S2 o.~3,4)]  9,4,96
. . ..—— —  —

N Cu 0,10 cm-3 OZO ~n~

N,,{ 0.22 c’nl”~ 027 ~n,-.$
.  . .  —.—— - . — - — . ——

7;” 0.7x 106K 0.6 XI(FK

l;~ ~.~xlo~)K 1.7x 10f’K—.—
vu ( v.! ~y) 149 (-147, 22)km/s 140 (- 138, 20)kr~F

Vd ( Vx, Vy)  4 6 5 ( 4 3 9 ,  152)knl/s 6f-K)(-672,-99)  kn~/s. ..— -—
Ofr,,u g]OtrJO 790t ~“

hd 71* 6“ sl”*9°

o/12 37”* 3° ]7”* 2“

6 18.5”* 1.6° 12.7°* 1.5°

.–.-.-?.l 78°* 10° 73°&  9°

VA ~ 738 krmfs 561 knl/s

VA.. 140 * lSknl/s 118 * 19knds

vflu 117 & l’2km/s 107 * 15krrl/s

c:~[, 108 km/s 104 kn~/s—..—— ———
MA n 0 493 (),9()

––_&-_— 0.04 ().04.— .. —-----

l:iglrm 1 .  A  s i m p l i f i e d  Pctschek’s slow n)odc  s h o c k
rnodcl w h i c h  i s  pcrlcctly ad:iptcci  t o  t h i s  study. “1’hc
spacecraft enters the central plasmshect from the hottorrl
SOIIIh  lobe. ‘I”hcn it crosses the ncutra] Iinc and rc(urns to
Ihc Sollth lobe.

l~i~~um 2. An cvcn[ of crossings OF the slow shocks,  the
jet plasma flows ;Ind the ncutrdl Iinc in the dist:lnt tail on
July 8, 1983.  From top to hottonl arc the cicctron d e n s i t y
~1,, , e l e c t r o n  tcmpcraturc l’C,, plasma bulk v e l o c i t y  x
c o m p o n e n t  V ,y , i ts y c o m p o n e n t  Vy, and  to(:il pl:isnla
vclocily V , three mdgnctic t’iclci  components ,  f], , L’)l IJz

and the total magnetic field strength L’.
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